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INTRODUCTION. 

The  problem  of  furnishing  a  satisfactory  water  supply  is 
a  vital  one  for  every  community.     Its  solution  becomes  more 
difficult  as  the  density  of  the  population  increases  and  the  danger 
of  contamination  of  the  supply  becomes  greater.    There  are  two 
general  sources  of  water  supply,  ground  waters  and  surface  waters. 
These  terms  are  indicative  of  the  source  of  the  water;  ground 
waters  being  those  obtained  from  artesian  wells,  deep  and  shallow 
wells  and  filter  galleries;  surface  waters  are  taken  from  streams, 
lakes,  ponds  or  impounding  reservoirs. 

As  a  general  rule  ground  water  is  more  desirable  if 
provision  can  be  made  to  prevent  contamination.    The  greater  safety 
of  such  a  water,  its  general  freedom  from  color  and  turbidity,  and 
the  low  temperature  at  which  it  can  be  obtained  give  it  a  great 
advantage  over  a  polluted  surface  water  which  must  be  treated  to  be 
made  acceptable. 

The  disadvantages  of  a  ground  water  supply  are  the 
uncertainty  of  the  adequacy  of  the  supply,  the  possibility  of  dete- 
rioration after  continued  use,  and  the  possibility  of  the  presence 
of  objectionable  mineral  matter.    Even  when  a  ground  water  requires 
treatment  to  remove  objectionable  or  excessive  mineral  constituents, 
the  purification  plant  is  not  as  expensive, in  construction  or  in 
operation,  as  a  plant  for  the  purification  of  a  surface  water  would 
be . 

Iron,  as  one  of  the  most  common  mineral  constituents  of 
water,  has  characteristics  which  make  it  objectionable,  even  when 
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present  in  comparatively  small  quantities.    The  iron-bearing  water 
as  drawn  from  the  ground  may  he  clear  and  colorless,  but  upon 
standing  it  will  become  yellow  and  turbid    and  lose  its  attractive 
appearance.    The  iron  is  precipitated  in  the  form  of  a  brownish 
sediment.    The  iron  imparts  an  objectionable  taste  to  the  water, 
causes  rust  spots  on  clothes  washed  in  it,  and  stains  enameled 
plumbing  fixtures.    It  also  causes  clogging  of  the  mains,  both  by 
the  precipitation  of  the  oxidized  iron,  and  by  encouraging  certain 
growths,  such  as  crenothrix,  which  thrive  in  iron  bearing  waters. 
The  iron  in  water  is  supposed  to  exist  as  a  ferrous  hydrate,  which, 
in  the  amount  generally  found  in  water,  is  soluble  in  the  absence 
of  oxygen.    The  water,  if  free  from  oxygen  and  containing  acid, 
dissolves  iron  from  the  strata  through  which  it  passes.  Carbonic 
acid  is  important  in  this  connection  because  it  is  found  in  a 
free  state  in  water  more  often  than  any  other  acid.    The  upper 
strata  of  the  soil  are  rich  in  organic  matter  and  in  passing 
through  these  layers  the  water  becomes  charged  with  carbonic  acid, 
loses  its  oxygen,  and  takes  into  solution  iron  from  underlying 
strata.    Iron  in  the  presence  of  hydrogen  sulfide  forms  ferrous 
sulfide  which  is  insoluble,  but  when  exposed  to  the  air  is  oxi- 
dized to  the  soluble  ferrous  sulfate  and  the  result  is  an  "acid 
iron"  water.    The  fact  that  iron  is  soluble  when  oxygen  is  absent, 
except  in  the  case  of  ferrous  sulfate  mentioned  above,  and  that 
iron  is  deposited  when  the  ground  water  is  exposed  to  the  air, 
suggests  aeration  as  a  means  of  removing  the  iron.    But  as  waters 
differ  in  composition  and  character  owing  to  their  different 
sources;  each  water  is  a  problem  in  itself  and  must  be  studied  to 
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determine  the  "best  method  of  removing  the  iron.    Such  an  investiga- 
tion has  been  made  by  the  writer  in  connection  with  the  removal  of 
iron  from  the  water  supply  of  the  University  of  Illinois.    For  the 
purpose  of  showing  the  state  of  the  art,  a  brief  summary  of  the 
investigations  and  methods  which  have  been  used  in  deferrization 
and  short  descriptions  of  plants  will  be  given.    Then  the  experi- 
mental work  will  be  taken  up  and  conclusions  derived  from  it  stated 

The  figures  in  parenthesis,  thus  fl)  are  the  numbers 
for  references  given  on  page  40. 
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REVIEW  OF  DEFERR I Z AT I OH  PROCESSES. 

A  brief  resume  of  the  development  of  deferrization 
processes  will  be  given.    The  difficulties  encountered  and  results 
obtained  vary  at  the  different  plants,  and  in  taking  up  the  subject 
it  is  well  to  look  over  the  field  and  take  advantage  of  the 
experience  of  others  as  much  as  possible. 

It  had  long  been  known  that  by  allowing  water  to  stand 
exposed  to  the  air,  the  iron  would  gradually  be  deposited,  but  the 
first  iron  removal  plant  was  built  in  Halle,  by  Salbach  in  1868. 
The  water  was  aerated  by  passing  through  coarse  gravel,  then 
filtered  through  sand.     In  1880  at  Tegel,  and  in  1882  at  Golgau, 
plants  were  built  which  removed  iron  by  filtration  after  aerating 
the  water  by  letting  it  flow  over  a  cascade  of  wood  directly  on 
to  the  filter.    Osten  and  Proskauer,  made  experiments  with  the 
ground  water  at  Berlin,  and  removed  the  iron  by  spraying  the  water 
upon  the  water  surface  of  a  coarse  gravel  filter  from  a  height  of 
six  feet.    A  coke  aerator  and  gravel  filters  were  used  by  Piefke 
in  experiments  at  Berlin,  the  results  of  which  were  published  in  1891. 
Later,  aeration  was  obtained  by  passing  the  water  through  chambers 
filled  with  brick,  or  bundles  of  wooden  slats. 

Iron  removal  without  aeration  was  obtained  by  means  of 
pressure  filters  filled  with  wood  shavings  inpregnated  with  tin 
oxide.    This  method  was  first  used  by  von  der  Linde  and  Hess  in 
1897.    Helm,  in  1902,  at  Danzig  used  pressure  filters  filled  with 
magnetic  iron  ore,  and  in  1903,  Bock  at  Hanover  used  untreated 
shavings  which  were  sterilized  with  live  steam.    Good  results  were 
obtained  by  the  use  of  these  methods  and  by  the  use  of  sand  in 


pressure  filters. 

Pressure  filters  were  first  used  in  America  in  1894  in  a 
plant  at  Asbury  Park,  N.  J.  which  plant  will  be  described  later. 

The  water  of  Provinoetown,  Mass.,  which  contained  a  great 
deal  of  organic  matter,  was  experimented  upon  in  1896  by  Clark, 
chemist  of  the  Massachusetts  State  Board  of  Health.    The  sand 
filter  was  as  efficient  without  as  with  aeration.    It  was  found 
that  the  iron  could  be  removed  by  passing  the  water  through  a 
filter  filled  with  bits  of  iron,  or  through  a  filter  of  fine  coke 
containing  considerable  iron,  with  subsequent  filtration  through 
sand.    He  also  obtained  good  results  by  the  use  of  potassium 
permangate,  but  this  process  was  too  expensive. 

Experiments  were  carried  on  with  the  waters  at  Reading, 
Marblehead  and  Water town  and  the  iron  removed  by  aeration  and 
filtration.    The  removal  was  not  complete  at  Watertown  owing  to 
organic  matter  in  the  water.    It  was  found  that  lime  would  assist 
the  removal  of  iron. 

Weston,  in  1905-06,  carried  on  experiments  with  the  water 
at  Beading,  Mass.  in  which  he  treated  it  with  metallic  iron,  first 
in  a  revolving  drum  filled  with  iron,  later  electrolitically  by 
passing  an  electric  current  through  iron  electrodes  immersed  in 
the  water.    Satisfactory  results  were  obtained  but  the  cost  of  the 
process  was  preventive.    He  also  used  clay  and  aluminium  sulfate 
as  coagulants  but  decided  later  that  this  method  was  not  always 
practicable . 

Dunbar  and  Kryek  in  1898  recommended  intermittant 
filtration  thru  coarse  sand  for  small  plants  where  the  available 
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head  was  low. 

Chemical  treatment  has  also  been  used,  such  as  treatment 
with  lime,  lime  and  iron  sulfate  or  ferric  chloride,  clay  and 
aluminium  sulfate .    This  is  followed  with  filtration  through 
pressure  or  sand  filters  and  in  some  cases  is  preceded  by  aeration. 

A  commercial  product  called  "Permutit",     a  sodium 
aluminium  silicate  has  also  been  suggested  but  proved  too  expensive 

At  Posen  a  shallow-well  water,  which  was  difficult  to 
purify  by  aeration  and  filtration,  was  mixed  with  a  brown, deep- we 11 
water  and  filtered  through  Jewell  mechanical  filters  and  iron  and 
color  removed. 

The  various  processes  are  classified  and  their  develop- 
ment shown  in  the  following  table .    This  table ,  as  well  as  the 
preceding  description  of  the  different  methods,  was  taken  from  a 
paper  read  before  the  American  Society  of  Civil  Engineers  by 

Robert  Spurr  Weston,  and  published  in  Volume  LZIV  of  the  Trans- 

fl) 

actions  of  that  organization. 

TABLE 


Process 


Inventor 


Salbach 

Auklam 

Oesten 

Aeration  followed  by    Piefke  and 
filtration  through  Eroskauer 
fine  gravel  or  coarse  Wellman 
sand. 

Beer  and  Thiem 


System  Date 

Gravel  aerator  1868 

Cascade  aerator  1880 

Spray  aerator  1890 

Coke  aerator  1891 
Brick- filled 

aerator  1894 
Wooden-slat 

aerator  1902 


American  pressure 
filters  Sand  and  charcoal 

Filtration  by  pressure 

filters  without  von  der  Linde  and  T in- oxide- impreg- 

aeration.  Hess  nated  shavings 


1894 
1897 
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Helm  (Danzig) 
Bock  (Hanover) 


Magnetic  iron  ore  1902 
Plain  shavings  1903 


Clark 


Treatment  with  metallic 
iron  and  filtration 


Intermittent  filtra- 
tion through  coarse 
sand. 


Chemical  treatment 
and  rapid  filtration 


Reading  experi- 
ments 


Dunbar  ana  j^ryck 


Erohnke 


Cumberland  Mfg. 
Co .  (Reading ) 


Weston 

G-aus 

Schwers 


Filtration  through 
fine  coke  or  iron 
chips  1895 

Electrolytic  iron  1904 


1898 


Lime  without 
aeration 


Lime  and  alumin- 
ium sulfate  with 
aeration 

Clay  and  alumin- 
ium sulfate 


1891 


1894 


1906 


Filtration  through 
calcium  alumin- 
ium silicate  1907 

Ferric  chloride 
slow    filters  1907 


Precipitation  by 
mixture  of  iron 
containing  water 
with  colored  deep- 
well  water,  followed 
by  rapid  filtration 


We  mike  and 
Mertens  (Posen) 


1906 


DESCRIPTIONS  OF  PLANTS. 

PLANTS  USING  AERATION  AND  FILTRATION. 

(2) 

At  Charlottenburg  the  iron  in  the  water  is  in  the  form  of 
ferrous  oxide  and  will  penetrate  the  filters  and  cause  them  to 
become  clogged  in  a  short  time.    There  were  two  remedies  for  this 
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diffieulty;  to  change  the  ferrous  oxide  to  ferric  oxide  and  retain 

it  on  the  filters  in  this  form;  or  to  construct  a  filter  such  that 

the  iron  entering  as  a  ferrous  oxide  and  being  changed  to  ferric 

oxide  is  retained  in  this  form  and  can  readily  "be  removed.  The 

first  system  requires  an  aerator  and  filter,  the  second  method  only 

works  well  with  coarse  filtering  material  such  as  gravel  or  stone, 

and  the  iron  oxide  is  removed  by  hard  washing.    Two  iron  removal 

plants  were  built  in  1892,  one  with  a  capacity  of  3,950,000  gallons 

per  day,  the  other  7,900,000  gallons  per  day.    The  water  passes 

through  coke  aerators  at  a  rate  of  125,000,000  gallons  per  acre 

per  day  and  the  iron  is  oxidized  and  is  then  filtered  through  sand 

at  the  rate  of  25,000,000  gallons  per  acre  per  day.    The  rate  of 

filtration  can  be  increased  50%  without  decreasing  the  efficiency 

c*  the  plant.    The  original  water  contains  two  parts  per  million  of 
which 

iron  is  entirely  removed.    At  the  time  of  writing  the  article 

referred  to,  1895,  a  third  plant  was  under  construction  with  a 

capacity  of  15,800,000  gallons  per  day.    In  this  the  aerator  was 

built  of  stone  instead  of  coke  as  more  uniform  distribution  could 

be  obtained  with  50%  greater  capacity. 

(3) 

At  Prenzlau  the    water  is  aerated  by  means  of  chambers 
with  brick  checker-work.    The  water  falls  on  this  in  a  fine  spray 
from  troughs  with  corrugated*  perforated  bottoms.    This  gives  a 
uniform  distribution  of  the  water.    This  plant  was  put  into 
service  in  1899. 

(4) 

A  similar  arrangement  is  used  at  Kiel  but  coke  is  used 
in  the  aerator  instead  of  brick.  A  sedimentation  basin  is  built 
beneath  the  aerator  which  removes  from  75  to  85%  of  the  iron  before 
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the  water  passes  to  the  filters.    The  water  from  the  well  contains 
four  parts  per  million  of  iron, 

(i) 

In  1908  an  iron  removal  plant  was  built  at  Ear burg. 

An  aerator  is  used  consisting  of  wooden  slats  in  grate-like  bundles. 

The  slats  in  each  bundle  are  at  right  angles  to  those  in  the  bundles 

immediately  above  or  below.    Water  is  applied  at  a  rate  of  325,000,000 

gallons  per  acre  per  day.    The  filters  have  20  inches  of  coarse 

gravel  and  above  that  45  inches  of  fine  gravel  with  a  maximum  depth 

of  6  feet  of  water  above  the  gravel.    To  clean  the  filters  a  large 

flap  gate  is  opened  suddenly  and  the  rush  of  water  washes  out  the 

sediment  of  iron  from  the  filter.    Filters  of  fine  sand  in  a  layer 

fl) 

8  inches  thick  are  used  at  Hamburg.    The  water  is  aerated  by  pass- 
ing through  coke  and  sprayed  through  nozzles  onto  the  filters. 
The  surface  of  the  sand  in  the  filters  is  hardly  covered  with  water 
and  the  filters  are  drained  during  idle  periods.    Good  results  have 
been  obtained  at  this  plant. 

(4) 

A  plant  at  Far  Rockaway    has  been  in  operation  since  1896. 
The  daily  consumption  varies  from  600,000  to  1,800,000  gallons,  the 
average  being  1,000,000  gallons.    There  are  two  filter  beds,  each 
of  an  area  of  20,000  square  feet.    The  filters  are  cleaned  about 
every  19  days.    The  water  is  aerated  by  falling  from  an  upright 
discharge  pipe.    The  iron  in  this  water  precipitates  on  slight 
exposure  of  the  water  to  air.    The  average  results  of  analysis, 
expressed  in  parts  per  million,  made  from  October  1898  to  February 
1900  are  as  follows: 

Iron     Alkalinity  Hardness  Residue 
Before  filtering  2.48  13.8         16.1  43.8 

After  filtering  0.00  10.1         12.9  39.8 
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Uo  crenothrix  were  found  in  the  filtered  water.     The  iron  in  the 
well  water  varied  from  1,9  to  4.5  parts  per  million.    The  cost  of 
operation,  not  including  interest  and  depreciation,  was  $5.96  per 
million  gallons. 

(5) 

At  Richmond,  Missouri,  a  plant  of  800,000  gallons  daily 
capacity  is  in  operation  where  aeration  is  obtained  "by  having  the 
water  pass  through  a  series  of  perforated  trays.    There  are  four 
trays,  each  2x6  feet,  6  inches  deep,  set  at  2  feet  intervals, 
making  a  total  drop  of  8  feet.    The  bottoms  of  the  trays  consist  of 
wire  net  supporting  a  galvanized  iron  plate  with  l/8  inch  holes 
spaced  l/2  inch  apart.    The  aerated  water  passes  through  a  settling 

"basin  and  is  then  filtered  at  an  average  rate  of  16,000,000  gallons 

n 

per  acre  per  day.    The  filters  are  cleaned  about  every  eight  day. 
The  well  water  contains  about  12  parts  per  million  of  iron  and 
practically  all  of  this  is  removed.    A  similar  plant  is  in  opera- 
tion at  Liberty,  Missouri. 

The  general  practice  in  Germany  appears  to  favor  coarser 
sand  in  the  filters  than  is  used  in  America.    The  sand  used  in  the 
Hamburg  filters  has  grains  1  m.m.  in  diameter  and  this  is  much 
finer  than  that  used  at  other  German  plants,  while  the  sand  used 
in  the  filters  at  Richmond,  Missouri,  has  an  effective  size  of 
0.41  m.m.    76$  of  this  sand  passed  a  Ho.  20  sieve,  separation  size 
0.93  e.c,  which  shows  that  this  sand  was  considerably  finer  than 
even  that  used  at  Hamburg.    In  filters  of  the  coarser  material  the 
iron  is  precipitated  throughout  the  whole  depth  of  the  filter  and 
such  filters  are  more  economical  of  operation  than  fine  sand  filters 
where  the  precipitate  is  held  by  the  upper  layer  of  sand.    But  the 
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coarse  sand  filters  are  more  liable  to  break  and  allow  the  sediment 
to  wash  through  than  are  the  fine  sand  filters. 

PLANTS  USING  PRESSURE  FILTERS. 

(1) 

At  Hanover  pressure  filters  are  used.    These  are 

cylindrical  tanks  filled  with  red-beechwood  shavings.    No  aeration 

is  used  except  that  which  accidentally  occurs  in  the  suction  pipe 

and  pumps .    Each  unit  is  cleaned  every  ten  days  and  the  iron  hydrate 

is  well  distributed  through  the  mass.    Washing  under  pressure  was 

found  to  be  too  expensive,  so  the  shavings  are  washed  in  tanks  and 

sterilized  with  steam  before  being  replaced.    The  water  contains 

only  0.5  part  per  million  of  iron  and  this  is  not  all  removed. 

(19) 

A  similar  plant  is  in  operation  at  Munchen,  Gladbach 

where  the  water  contains  2.3  parts  per  million  of  iron.    The  filters 

are  washed  three  times  daily  using  15$  of  the  filtered  water  for 

washing.    No  information  is  given  as  to  the  results  obtained.  The 

plant  has  11  tanks,  each  4.8  feet  in  diameter  and  8.3  feet  high, 

and  has  a  capacity  of  76,500  gallons  per  hour. 

(1) 

At  Furs tenwalde-a- Spree  tnere  is  a  pressure  filter  plant 

where  aeration  is  effected  by  admitting  air  into  the  suction  pipe 

of  the  pump.    The  filters  are  filled  with  shavings  and  the  rate  of 

filtration  is  about  twice  that  ordinarily  used  for  rapid  filters  in 

America.    The  iron  is  reduced  from  1.4  to  0.3  parts  per  million. 

It  has  been  observed  in  this  plant  that  reducing  the  time  between 

the  wells  and  the  filters  decreases  the  efficiency  of  the  plant. 

(6) 

The  plant  at  Asbury  Park,  N.  J.,  previously  mentioned, 
was  the  first  iron  removal  plant  of  importance  in  America.  There 
the  water  is  pumped  by  means  of  an  air  lift,  and  in  this  manner 


aeration  is  secured.    Then  it  is  forced  through  a  pair  of  pressure 
filters;  the  first  one  containing  sand,  the  second,  animal  charcoal. 
The  wells  are  of  different  depths,  some  1050  feet  deep,  the  water 
from  which  contains  11.3  parts  per  million  of  iron;  others  600  feet 
deep,  the  water  containing  only  1.8  parts  per  million  of  iron.  By- 
aeration  and  filtration  through  the  pressure  filter  containing  sand 
98.3%  of  the  iron  is  removed.    Subsequent  filtration  through  the 
charcoal  filter  removes  only  0.21%  more. 
CHEMICAL  TREATMENT  MD  RAPID  FILTRATION. 

(10) 

Chemical  treatment  is  used  at  Keyport,  II.  J.  The  iron 

occurs  in  the  form  of  a  bicarbonate.    By  adding  lime  and  aerating 

the  bicarbonate  is  changed  to  ferric  oxide,  or  rather,  to  ferric 

hydrate  which  is  removed  by  filtration.    The  iron  content  of  the 

untreated  water  varies  from  5  to  32  parts  per  million.    The  per- 

cent  of  removal  is  less  than  at  Reading,  Mass.,  which  in  the  same 

article  is  reported  as  98.6. 

Considerable  difficulty  has  been  experienced  with  the 
(7) 

water  at  Reading,  Massachusetts.    The  water  works  there  were  built 

■ 

in  1891,  and  owing  to  complaints  about  the  quality  of  the  water,  an 
iron  removal  plant  was  built  in  1895.    Beginning  1893  Fitz  Gerald 
made  extensive  tests  to  determine  the  best  method  of  treatment. 
The  iron  is  present  in  the  form  of  iron  sulfate.    It  is  colored  and 
has  an  offensive  odor.    It  is  a  good  example  of  the  effect  upon 
water  of  percolating  through  peaty  soil.    The  water  is  taken  from  a 
filter  gallery  in  water  bearing  gravel  ene a th  the  marshes  of 
Ipswich  River.    In  addition  to  the  true  ground-water  flowing 
through  the  stratum  of  gravel,  there  is  also  water  which  seeps 


-13- 


through  the  peaty  layer  of  soil  above  the  filter  gallery.  The 

water  was  treated  "by  adding  lime,  after  which  it  passed  through  a 

series  of  tanks  where  it  was  aerated  "by  forcing  air  through  it. 

Alum  was  added  as  coagulant  and  the  water  filtered  through  Warren 

filters.    The  amount  of  iron  present  varied,  and  the  per  cent  of 

removal  varied  from  83  to  100.    The  solids  and  hardness  increased. 

The  following  are  results  obtained  from  July  to  October  1896. 

Parts  per  million 
Iron  Solids 
Unfiltered  3.8  to  0.9  74  to  1E2 

Filtered  0.2  to  0.0  139  to  204 

Later  the  Massachusetts  State  Board  of  Health  recommended 

(8) 

that  the  supply  be  abandoned;  for  though  the  iron  was  removed,  the 
hardness  and  solids  were  increased.    The  character  of  the  water 
had  changed,  and  the  large  amount  of  organic  matter  made  satisfac- 
tory treatment  difficult.    Lime  would  precipitate  the  organic 
matter  and  the  iron,  aluminium  sulfate  being  used  to  coagulate  the 
precipitate  which  was  so  fine  that  it  would  pass  through  the  filter 
Weston  carried  on  a  series  of  experiments  with  this  water  in  1905- 
06.    The  addition  of  metallic  iron  was  tried,  first  by  passing  the 
water  through  a  revolving  drum  filled  with  iron,  then  electrol- 
ytically  by  passing  an  electric  current  through  iron  electrodes 
immersed  in  the  water  as  has  l^aready  been  mentioned.    These  methods 
increased  the  amount  of  precipitate  and  aided  coagulation  but  were 
not  always  efficient.    The  plan  finally  adopted  was  to  use  clay 
and  aluminium  sulfate  as  coagulants,  lime  being  omitted.  The 
treatment  with  clay  does  not  increase  the  hardness,  as  was  the  case 
when  lime  was  used.    For  200,000  gallons  of  water  150  pounds  of 
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lime  were  used,  while  only  15  pounds  of  clay  are  used  for  the  same 

amount,  and  the  amount  of  aluminium  sulfate  was  reduced  from  three 

grains  to  one  grain  per  gallon.    Finer  filter  sand  must  "be  used  as 

the  floe  formed  with  clay  is  finer  than  that  formed  with  lime  and 

is  not  easily  retained  "by  the  coarse  sand. 

(9  &  10) 

At  Superior,  Wisconsin,  the  water  supply  was  taken  from 
Lake  Superior  through  a  pipe  line  extending  across  the  Bay  of 
Superior  and  Minnesota  Point  and  eighteen  hundred  feet  into  the 
Lake.    Owing  to  pollution  and  turbidity  this  supply  was  abandoned 
and  wells  were  driven  in  the  sand  and  gravel  of  Minnesota  Point, 
This  water,  however,  contained  1.7  parts  per  million  of  iron  and 
encouraged  the  growth  of  crenothrix.    The  water  turned  yellow  on 
standing  and  looked  like  the  Bay  water  which  was  colored  by  iron 
ore  and  clay.    This  caused  the  suspicion  that  the  intake  pipe 
leaked  and  Bay  water  was  being  pumped  into  the  water  mains.  A 
deferrization  plant  was  put  in  after  extensive  experiments.  In 
these  experiments  it  was  found  that  sand  filters  operating  at  the 
rate  of  5  to  10,000,000  gallons  per  acre  per  day  were  generally 
more  satisfactory  than  mechanical  filters.    By  means  of  aeration 
and  filtration  the  growth  of  crenothrix  was  prevented,  and  iron 
did  not  settle  out  after  the  filtered  water  remained  standing  for 
some  time,  but  the  iron  content  was  still  high  and  the  color  ranged 
from  85  to  35.    It  was  found  that  by  omitting  aeration  a  filter 
effluent  could  be  obtained  containing  only  0.2-0,4  parts  per 
million  of  iron,  whereas  with  aeration  the  filtered  water  contained 
from  0,8  to  1,0  parts  per  million.    When  not  aerating  the  water  the 
quantity  of  the  precipitate  was  increased,  and  it  was  of  a  sticky 
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nature  so  that  the  filters  required  cleaning  every  three  or  four 
days,  while  they  were  cleaned  only  every  eight  or  ten  days  when  the 
aerator  was  used.    The  method  of  removing  iron  was  determined  out 
it  required  more  filter  area  than  had  formerly  "been  necessary  and 
exceeded  the  capacity  of  the  plant. 

A  comparison  of  these  methods  is  difficult  owing  to  the 
different  conditions  under  which  the  plants  operate  and  data  of 
results  obtained  are  given  in  only  a  few  cases.    The  aerating 
towers  used  so  much  in  Germany  have  the  advantage  of  surface 
contact  to  aid  the  precipitation  of  the  iron,  hut  just  as  satisfac- 
tory results  could  undoubtedly  be  obtained  without  so  great  a  loss 
of  head,  by  means  of  other  types  of  aerators,  such  as  sprays,  or 
superimposed,  perforated  trays,  followed  by  roughing  filters  of 
coarse  material.    Where  the  precipitation  is  rapid  settling  basins 
can  be  used  to  advantage.    In  some  cases  roughing  filters  of  coarse 
gravel  or  stone,  will  remove  a  large  per  cent  of  the  iron,  thus 
reducing  the  work  of  the  final  filters.    Thorough  aeration,  in- 
creasing the  dissolved  oxygen,  and  reducing  the  amount  of  carbonic 
acid,  is  often  necessary.    But  sometimes,  as  in  the  case  at 
Superior,  the  presence  of  carbonic  acid  aids  the  precipitation 
of  the  iron  and  aeration  is  detrimental. 

Where  there  is  much  organic  matter  present  which  holds  the 
iron  in  suspension,  or  the  organic  matter  is  in  colloidal  solution 
and  prevents  the  precipitation  and  coagulation  of  the  ferric  hydrate 
the  treatment  becomes  difficult,  and  a  study  must  be  made  of  the 
water  to  determine  an  effective  method. 
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LABORATORY  TESTS  ON  THE  UNIVERSITY 
WATER  SUPPLY. 

PRELIMINARY  TESTS. 

The  tests  herein  described  were  made  on  the  water  of  the 
University  supply.    The  water  is  obtained  from  wells  145  feet  deep 
in  drift,  the  well  screens  being  8  or  10  feet  long.    The  principal 
tests  were  made  in  the  Hydraulic  Laboratory,  the  regular  experimen- 
tal mechanical  filter  and  special  apparatus  being  used.  The 
analysis  were  made  in  the  laboratory  of  the  State  Water  Survey. 

Preliminary  tests  were  made  by  taking  a  sample  of  tap 
water  in  each  of  two  bottles.    One  bottle  was  vigorously  shaken, 
the  other  was  set  aside  without  shaking.    After  standing  for  three 
days  an  analysis  showed  that  the  sample  which  had  been  shaken 
contained  0.3,  the  other  sample  contained  0.8  parts  per  million  of 
iron. 

A  similar  test  was  made  and  the  following  results  were 
obtained,  results  expressed  in  parts  per  million,  I  sample  shaken, 
II  sample  not  shaken: 

Immediately  after  taking  sample  I  7.9  1.6 

II  1.0  1.0 

After  standing  24  hours,               I  5.9  0.6 

II  0.4  0.7 

These  results  indicated  that  aeration  accelerates  the 

precipitation  of  the  iron. 

TESTS  WITH  AERATION,  SEDIMENTATION  AND  FILTRATION. 

It  was  decided  to  aerate  the  water  directly  from  the 
discharge  pipe  of  one  of  the  deep  well  pumps  and  lead  a  part  of  it 
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to  the  apparatus  in  the  Hydraulics  Laboratory .    The  discharge  pipes 
of  the  pumps  empty  into  two  large  tanks  in  the  pump  house.    A  four- 
inch  vertical  pipe  was  attached  to  the  discharge  pipe  of  pump  No .4. 
An  aerator,  consisting  of  circular  discs  and  rings,  was  designed  to 
slip  over  this  pipe  and  aerate  the  water  "by  a  series  of  falls 
through  the  device.    A  sketch  of  the  aerator,  with  dimensions  is 
given,  also  photographs  of  the  aerator  in  operation.    The  discs 
were  made  to  extend  five  inches  from  the  pipe  "but  it  was  found  that 
this  threw  the  water  beyond  the  rings,  so  they  were  trimmed  to 
sizes  shown.    The  aerator  was  designed  to  fit  over  a  five- inch  pipe 
and  as  a  four- inch  pipe  was  used,  oakum  was  packed  in  to  prevent 
the  water  from  flowing  down  the  pipe  instead  of  through  the  aerator. 
A  test  of  the  efficiency  of  the  device  showed  that  the  dissolved 
oxygen  in  the  water  was  increased  from  0.9  to  5,1  parts  per  million 
when  the  full  discharge  of  the  pump,  about  125,000  gallons  per  day, 
was  allowed  to  go  through,  and  when  a  smaller  quantity  was  flowing 
the  dissolved  oxygen  varied  from  4.3  to  6,6  parts  per  million. 
The  best  results  were  obtained  when  the  water  was  flowing  in 
broken  sheets. 

After  passing  through  the  aerator  the  water  was  caught 
in  a  small  tank,  from  which  it  was  carried  through  a  one- inch  pipe 
to  the  settling  tank.      A  float-valve  in  the  settling  tank  regula- 
ted the  flow,  the  water  being  allowed  to  overflow  the  small 
collecting  tank.     The  settling  tank,  15  ft.  x  7  ft.  x  3  ft.  8  in., 
holds  about  3000  gallons.    From  this  the  water  flowed  to  the 
mechanical  filter.    This  filter  was  arranged  to  be  washed  with  air, 
and  with  water  from  the  University  mains.    The  rate  of  filtration 
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was  controlled  by  means  of  a  float  valve  in  a  small  tank- -the  rate 

being  regulated  by  a  valve  in  the  outlet  pipe  of  this  tank. 

The  sand  in  the  filter  has  an  effective  size  of  0.43m.m. 

and  a  uniformity  coefficient  of  1,51,  as  shown  by  analysis  made  by 

(11) 

Cutler  and  Graham. 

Samples  were  taken  of  the  raw  water  from  the  discharge 
pipe; of  the  aerated  water  from  a  tap  in  the  pipe  leading  to  the 
settling  tank; at  the  effluent  end  of  the  settling  tank  about  the 
middle  of  the  depth  after  sedimentation; and  of  the  filter  effluent. 
The  rate  of  filtration  was  measured  by  observing  the  increase  in 
the  depth  of  the  water  for  a  given  time  in  the  pit  over  which  the 
filter  was  placed.    The  pit  holds  645  gallons  per  foot  of  depth. 
A  rate  of  filtration  of  6250  gallons  per  day  through  the  filter  is 
equivalent  to  a  rate  of  125,000,000  gallons  per  acre  per  day.  The 
loss  of  head  in  the  filter  was  determined  by  the  difference  in 
elevation  of  the  water  levels  in  two  gauge  tubes,  one  attached  to 
the  effluent  pipe  of  the  filter,  the  other  to  the  filter  just  above 
the  level  of  the  sand. 

A  series  of  six  tests  was  run,  with  results  as  shown  in 
Table  I.     In  washing  the  filter,  the  air  was  first  blown  through 
for  a  few  minutes,  then  the  air  valve  was  shut  and  wash  water 
turned  on.    Air  and  water  were  not  turned  on  at  the  same  time  as  the 
valves  would  get  filled  with  sand  if  this  were  done . 

After  the  fourth  test  the  valves  on  the  pipes  to  and  from 
the  settling  tank  were  closed,  the  tank  remaining  full,  and  samples 
were  taken  to  show  the  effects  of  sedimentation.    The  samples  were 
taken  about  the  middle  of  the  depth  of  the  tank.    The  following 
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were  the  results: 


Iron  in  parts 


per  million. 


12  hrs.  after  closing  valves 


Influent  end 
1.4 


Effluent  end 
1.3 


14  hrs.  after  closing  valves 


1.5 


l.E 


36  hrs.  after  closing  valves 


0.8 


0.7 

iple  of  perforate 


An  aerator  was  then  made  using  the  princ 


trays.    This  aerator  consisted  of  three  dish  pans,  with  perforated 


bottoms,  placed  so  that  the  water  would  fall  from  one  to  the  other 
through  a  distance  of  eighteen  inches.    It  was  placed  directly 
above  the  small  receiving  tank,  the  water  flowing  from  the  vertical 
pipe,  through  a  wooden  trough  and  emptying  into  the  upper  pan. 
The  results  of  a  series  of  tests  are  shown  in  Table  II.  In 
several  cases  the  filter  became  entirely  clogged  in  a  few  hours 
so  that  water  would  stand  three  or  four  feet  deep  above  the  sand  in 
the  filter  and  none  pass  through.    On  one  occasion  when  this 
happened  the  filtering  material  was  examined.    A  glass  tube  was 
pushed  into  the  sand  some  inches  and  a  sample  of  the  sand  taken 
out.    It  was  noticed  that  the  precipitate  was  held  in  a  layer 
about  3/8  of  an  inch  thick.    This  layer  had  a  dark  brown  color, 
the  sand  below  this  being  clean  and  white.    On  shaking  the  sand 
out  of  the  tube  the  lower  layer  came  out  easily,  but  the  upper 
layer  came  out  in  one  mass,  the  precipitate  holding  the  sand 
together.    No  samples  were  taken  during  some  of  the  tests,  but 
these  are  given  in  the  table  to  show  how  soon  the  filter  would 
clog  up. 
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TESTS  WITH  GRAVEL  FILTERS. 

The  general  results  of  the  tests  with  the  mechanical 
filter  indicated  that  frequent  washings  would  have  to  he  made  owing 
to  the  rapid  clogging  of' the  filter.    It  was  decided  to  try- 
preliminary  filtration  through  gravel  as  a  means  of  relieving  the 
sand  filter  by  removing  some  of  the  iron  "before  it  enters  the 
filter. 

This  method  is  used  in  the  PeuchChabal  system  of  multiple 

filtration  installed  at  Magdeburg  where  the  river  water  used  carries 

(12) 

a  large  amount  of  suspended  matter. 

Four  bottles  were  arranged  as  shewn  in  sketch,  the  water 
was  aerated  by  dropping  on  a  funnel,  it  then  passed  through  the 
gravel  and  out  through  a  bent  tube  which  was  turned  up  to  hold  the 
water  level  above  the  gravel.    The  bottles,  numbered  in  order  as 
the  water  passed  through  them,  contained  gravel  graded  as  follows: 
Bottle  number  Gravel  retained  on  sieve 

1 

2 

3 

4 

Later  more  bottles  were  added  to  the  series.    The  results  of  these 
teste  are  shown  in  Table  III. 

Next  a  set  of  bottles  was    arranged  to  give  upward 
filtration  through  gravel.    The  gravel  was  graded  as  follows: 
Bottle  number  Gravel  retained  on  sieve 

1  1/2  inch 

2  3/8  ■ 

  3  No  3 


3/4  inch 
1/2 
3/8 
No  3 
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A  rough  approximation  of  the  rate  of  filtration  was  made  by  noting 
the  time  required  to  fill  a  cup  of  known  volume,  and  calculating 
from  this,  and  the  cross  sectional  area  of  a  bottle,  the  rate  in 
million  gallons  per  acre  per  day. 

After  some  tests  had  been  made  which  showed  a  reduction, 
a  small  sand  filter  was  added  to  determine  the  effect  of  subsequent 
filtration  through  sand.    A  glass  cylinder,  twenty- four  inches  in 
height  and  5  l/4  inches  in  diameter  was  used.    In  the  bottom  of 
this  was  placed  about  three  inches  of  gravel  and  above  this  six 
inches  of  sand.    The  sand  was  taken  from  a  sample  sent  to  the  State 
Water  Survey  from  Quincy,  Illinois  and  had  been  in  use  in  the 
filters  at  that  place. 

The  water  at  Quincy  is  treated  with  lime  and  the  grains 
of  the  filter  sand  become  coated  with  a  deposit  of  lime  which 
increases  the  size  of  the  grains.    A  sieve  analysis  made  of  this 
sand  by  G.  E.  Millar,  showed  the  effective  size  to  be  C.82  m.m. 
and  the  uniformity  coefficient  1.46. 

The  filtered  water  was.  syphoned  off  through  a  glass  tube. 
In  addition  to  the  determination  of  iron,  the  dissolved  oxygen  was 
also  determined  during  this  test.    The  results  of  the  first  two 
sets  of  analysis  of  dissolved  oxygen  were  not  satisfactory, 
probably  due  to  the  fac t  that  the  samples  stood  for  two  and  three 
days  before  the  analyses  were  made. 

In  all  the  tests  with  filtration  through  gravel  the  water 
first  passed  through  the  dish- pan  aerator.     In  the  experiment  with 
downward  filtration  a  brown  coating  was  observed  on  the  funnels  and 
tubes  in  twenty- four  hours  after  beginning  the  test.    This  colora- 
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tion  was  well  marked  evm  throughout  the  outlet  tubes  where  the 
water  flowed  quite  rapidly.    A  growth  was  observed  through  the  whole 
apparatus-- in  the  wooden  trough  and  aerator,  the  pipe  and  on  the 
gravel.    This  growth  consisted  of  dark  brown  filaments.    When  the 
gravel  was  cleaned,  a  sample  of  the  deposit  was  taken  for  chemical 
analysis  and  an  offensive  odor,  and  charring  of  the  residue  on 
evaporation  with  hydrochloric  acid, gave  evidence  of  the  presence  of 
a  high  per  cent  of  organic  matter.    A  microscopic  examination 
proved  the  presence  of  crenothrix  and  other  organisms.    This  growth 
was  so  abundant  that  at  times  it  would  clog  the  aerator,  the  pans 
remaining  full  of  water  with  none  passing  through.    The  pipe  from 
the  receiving  tank  to  the  Hydraulic  Laboratory  would  also  become 
clogged.    A  hand  pump  was  connected  to  this  pipe  and  it  was  flushed 
occasionally  by  means  of  this,  the  growth  in  the  pipe  being  dis- 
lodged by  the  increased  velocity  of  the  water.    The  water  thus 
pumped  would  at  first  be  highly  colored  and  contain  a  great  amount 
of  suspended  matter  but  continued  pumping  would  secure  clear  water. 
In  the  experiments  with  upward  filtration,  clay  triangles 
were  placed  in  the  funnels  and  watch  glasses  put  upon  these,  the 
water  would  first  fall  on  the  watch  glass, then  in  sheets  into  the 
funnel,  the  idea  being  to  increase  the  aeration.    When  the  sand 
filter  was  added,  a  piece  of  glazed  tile  was  placed  in  a  slanting 
position  on  top  of  the  cylinder  for  the  double  purpose  of  increas- 
ing the  aeration,  and  preventing  the  water  from  passing  on  to  the 
filter  in  a  solid  stream  and  stirring  up  the  sand.    The  growth  was 
most  abundant  in  the  first  bottle,  which  would  become  clogged 
first;  the  third  bottle,  containing  fine  gravel,  clogging  next. 
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The  tubes  became  heavily  coated  and  were  stained  a  dark  brown.  The 
glass  cylinder  was  stained,  but  no  coloration  was  noticed  on  the 
tube  through  which  the  filtered  water  was  syphoned.    The  sand  was 
cleaned  by  taking  it  out  of  the  cylinder  and  using  small  quantities 
at  a  time  in  a  beaker.    The  deposit  was  quite  easily  removed,  the 
wash  water  at  first  would  be  very  dirty  but  would  remain  clear  after 
a  few  rinsings.    The  deposit  was  distributed  through  the  whole  depth 
of  the  sand. 
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METHODS  OF  ANALYSIS. 

The  iron  was  determined  by  cclorometric  method.    100  c.e. 
of  water  was  evaporated  with  5  c.c.  of  HC1,  1  to  1,  the  residue  was 
taken  up  with  2  c.c.  of  HC1  and  filtered  into  50  c.c.  Nessler  tubes, 
washing  the  filter  with  hot  water.    The  iron  was  then  oxidized  by- 
adding  a  solution  of  FMT1O4 »  6.3  grains  per  liter,  until  a  pink  color 
would  remain  for  five  minutes.    Then  5  c.c.  of  KCITS  were  added  and 
the  tube  filled  to  the  mark  with  distilled  water.    The  sample  was 
immediately  compared  with  a  set  of  permanent  standards  made  up  of 
solutions  of  COCI2,  24  grams,  4100  c.c.  HC1  per  liter,  and  K2PtCl6, 
2  grams  4100  c.c.  HC1  per  liter,  amounts  of  each  solution  being 
taken  according  to  a  table  in  "Standards  Methods  of  Water  Analysis", 
and  diluted  to  50  c.c.  in  Ilessler  tubes.    These  standards  were 
checked  by  comparing  with  known  amounts  of  a  standard  solution  of 
Fe(MT4)2(S04)2,  1  c.c.  of  which  contained  0.0001  gram  of  Fe,  this 
being  treated  by  adding  KMnC4  and  ECUS  in  the  same  manner  as  the 
samples.    When  the  tests  with  filtration  were  commenced,  samples 
were  taken  in  ITessler  tubes  and  1  c.c.  HITO3  and  5  c.c.  KCITS  were 
added  and  the  samples  were  compared  with  standards  made  by  diluting 
0.25,  0.50,  0.75  and  1.00  c.c.  of  the  standard  Fe  (l?E4  )2(S04 )  2 
solution  to  50  c.c.  in  Nessler  tubes  and  adding  UEO3  and  KCITS. 
These  standards  would  read,  0.5,  1.0,  1.5  and  2.0  parts  per  million 
of  iron,  respectively,  and  intermediate  amounts  would  be  estimated. 

Free  carbonic  acid  was  determined*,  by  titrating  100  c.c. 
of  water  to  phenolphthalein  with  a  standard  solution  made  by 
dissolving  2.41  grams  of  Ha2C03  in  1  liter  of  water  which  had  been 
boiled  to  expel  all  C02  and  cooled. 


-  1 

The  dissolved  oxygen  was  determined  by  the  method  given 
in  "Streams  Examination,  Sanitary  District  of  Chicago".    The  water 
was  drawn  into  the  oxygen  tube,  which  holds  107  c.c,  then  2  c.c. 
of  KOH,  150  grams  per  liter,  were  added  at  the  top  of  the  tube,  an 
equal  amount  of  water  being  drawn  off  at  the  bottom  and  collected 
in  a  flask  containing  2  c.c.  of  50%  H2SO4.    IText  5  c.c.  of  Fe(EH4)2 
(304)2,  16.5  grams  per  liter,  were  added  in  the  same  manner  and  the 
tube  shaken  to  give  thorough  mixing  of  the  solutions.    When  the  re- 
action was  complete  5  c.c.  of  H2SO4  were  added  and  the  upper  stop- 
cock opened  to  allow  the  acid  to  enter  the  tube  and  dissolve  the 
precipitate.    All  the  liquid  was  then  run  into  the  same  flask  and 
the  solution  titrated  with  a  solution  of  KLI11O4,  0.4  gram  per  liter. 
A  blank  was  run  by  putting  7  c.c.  of  H2S04  in  a  flask,  then  107  c.c. 
of  the  water,  and  adding  2  c.c.  of  KOH  and  5  c.c.  of  Fe  (1IH4 )  2  (SC4 )  2 
and  titrating  with  KMn04 .    The  difference  between  the  blank  and  the 
sample,  in  c.c,  gave  the  dissolved  oxygen  in  parts  per  million. 
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TABLES  OF  EE SUITS. 

Table  I  gives  the  results  of  the  series  of  tests  to 
determine  the  effect  of  aeration,  sedimentation  and  filtration. 
The  first  type  of  aerator  (cascade)  was  used.    The  first  column 
gives  the  serial  number  of  the  test.    In  the  next  four  columns  are 
given  the  date  and  hour  of  beginning  and  stopping  the  test,  and  the 
duration  of  the  test.    The  next  three  columns  show  the  head  lost 
in  feet  and  the  rate  of  filtration  in  million  gallons  per  acre  per 
day  at  various  times  after  the  test  was  commenced.    Next  is  given 
the  time  of  sampling,  then  the  results  of  determinations  of  free 
carbonic  acid,  dissolved  oxygen  and  iron.    These  results  are 
expressed  in  parts  per  million  and  the  samples  were  taken  as 
follows : 

1.  From  the  discharge  pipe  of  the  pump. 

2.  From  tap  in  pipe  between  collecting  tank  and  settling 

tank. 

3.  From  effluent  end  of  settling  tank. 

4.  From  filter  effluent. 

Table  II  is  similar  to  Table  I  except  that  the  dish-pan 
aerator  was  used. 

Table  III.  shows  the  results  obtained  by  downward  filtra- 
tion through  bottles  containing  gravel.    The  figures  at  the  head  of 
each  column  give  the  number  of  days  which  the  filters  had  been 
operating  when  the  samples  were  taken.    Below  this  the  iron  contents 
are  given  in  parts  per  million. 

Table  IV  gives  the  results  of  the  tests  of  upward  filtra- 
tion through  gravel.    It  is  similar  to  Table  III,  but  the  first 
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column  gives  the  number  of  the  samples;  the  first  being  taken  from 

the  supply  pipe,  the  others  from  the  outlet  of  the  "bottles  in  the 

order  in  which  the  water  passed  through  them.    The  approximate  rate 

per  acre 

of  filtration  in  million  gallons  per  day,  is  given  in  some  cases. 

Table  V  shows  the  results  of  upward  filtration  through 
gravel  followed  by  sand  filtration.    The  dissolved  oxygen  and  iron, 
in  parts  per  million,  are  given  for  samples  taken  as  follows: 

1.  From  supply  pipe. 

2.  From  outlet  of  first  bottle. 

3.  From  outlet  of  second  bottle. 

4.  From  outlet  of  third  bottle. 

5.  From  filter  effluent. 

The  approximate  rate  of  filtration  in  million  gallons  per  acre  per 
day  and  the  length  of  time  that  the  filters  had  been  operating  when 
samples  were  taken,  is  also  given. 
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TABLE  III. 

RESULTS  OF  FILTRATION  THROUGH  BOTTLES 
CONTAINING  GRAVEL. 

Iron  in  parts  per  million. 


3 

4 

5 

7 

Days  in  operation. 

1.8 

From  tap  in  E. 

E .  Lab. 

1.3 

1.4 

1.4 

1.4 

From  supply  pipe 

0  .4 

1 .0 

1.4 

1.3 

 * 

From 

outlet 

of 

1st 

bottle 

0.4 

0.8 

1.2 

1.3 

1.4 

From 

outlet 

of 

2nd 

bottle 

0.2 

0.7 

1.2 

1.2 

1.4 

From 

outlet 

of 

3rd 

bottle 

0.9 

0.8 

1.0 

1.1 

1.3 

From 

outlet 

of 

4th 

bottle 

0.9 

1.0 

1.3 

From 

outlet 

of 

5th 

bottle 

0.9 

1.0 

1.3 

From 

outlet 

of 

6  th 

bottle 

1.0 

1.3 

From 

outlet 

of 

7  th 

bottle 

0.9 

0.9 

1.2 

From 

outlet 

of 

8  th 

bottle 

*First  bottle  was  smaller  than  the  rest  and  was  removed  after 
bottles  had  been  cleaned.     The  results  in  the  last  column  are 

from  samples  taken  shortly  after  the  bottles  had  been  cleaned. 


-32- 

TABLE  IV. 

RESULTS  OF  UPWARD  FILTRATION  THROUGH  GRAVEL. 


Iron  in  parts  per  million. 


No. 

24 

42 

66 

72 

96 

114 

120 

Hours  after  starting. 

1 

1.6 

1.5 

1.5 

1.5 

1.4 

1.4 

1.6 

Outlet  of  supply  pipe 

2 

1.4 

1.5 

1.2 

1.3 

1.2 

1.1 

1.3 

Outlet  of  1st  bottle 

3 

1.2 

1.2 

1.0 

1.1 

1.0 

1.0 

1.1 

Outlet  of  2nd  bottle 

4 

1.1 

1.2 

1.0 

1.1 

0.9 

0.9 

0.8 

Outlet  of  3rd  bottle 

73 

8* 

72 

87 

Rate  of  filtration 

*Pipe  clogged  with  growth  of  crenothrix 

After  washing  1st  and  3rd  bottles. 


No. 

66 

90 

114 

Hours  after  starting 

1 

1.4 

1.4 

1.4 

Outlet  of  supply  pipe 

2 

1.7 

1.3 

1.3 

Outlet  of  1st  bottle 

3 

2.0 

1.2 

1.1 

Outlet  of  2nd  bottle 

4 

1.0 

0.9 

Outlet  of  3rd  bottle 

Af 

ter  washin, 

?  all 

bottles  thoroughly. 

10 

30 

3 

5 

24 

No. 

min 

• 

min. 

hrs 

hrs 

hrs 

Time  after  starting 

1 

1.5 

1.5 

1.5 

1.5 

1.4 

Outlet  of  supply 

pipe 

2 

1.4 

1.4 

1.3 

1.4 

1.3 

Outlet  of  1st  bottle 

3 

1.3 

1.4 

1.1 

1.2 

1.3 

Outlet  of  2nd  bottle 

4 

1.2 

1.3 

1.1 

1.0 

1.2 

Outlet  of  3rd  bottle 

-33- 

TABLE  V. 

RESULTS  OP  UPWARD  FILTRATION  THROUGH  GRAVEL 
FOLLOWED  BY  SAED  FILTRATION . 


Hrs. 

Rate 

Dissolved  Oxy 

gen 

Iron 

run 

J- 

2 

o 

A 
*x 

2 

« 

"i 

2 

1.4 

1.4 

1.2 

1.0 

0.3 

27 

H 

1.5 

1.3 

1.2 

1.1 

0.0 

> 

<a 
u 

Sand 

Sand 

Filte- 

c  was 

hed. 

1/2 

220 

6.8 

4.9 

6.1 

1.5 

1.4 

1.2 

0.9 

0.1 

16 

200 

6.8 

5.6 

4.5 

1.4 

1.4 

1.2 

1.0 

0.0 

24 

130 

160 

7.7 

5.9 

4.7 

1.5 

1.4 

1.2 

1.1 

0.0 

40 

56 

74 

7.7 

7.0 

6.9 

6.5 

5.3 

1.4 

1.3 

1.1 

1.0 

0.0 
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DISCUSSION  OF  RESULTS. 
The  dish- pan  aerator  gave,  in  general,  a  greater  increase 
of  dissolved  oxygen  than  the  other  type  of  aerator.    Brit  it  requires 
pumping  the  water  to  a  greater  height,  and  the  growth  of  crenothrix 
will  interfere  with  its  efficient  operation  by  clogging  the  openings 
which  will  not  he  the  case  with  the  other  aerator.    Either  type  is 
a  simple  construction  and  could  easily  he  adapted  to  the  needs  of  a 
pumping  plant  such  as  the  one  for  the  cities  of  Champaign  and 
Urbana. 

The  determinations  of  free  carbonic  acid  were  not  very 
accurate  as  the  solution  used  was  not  strong  enough  to  give  a 
definite  end  point.    A  decided  reduction  of  CO2  was  effected  by 
passing  the  water  through  the  aerator,  but  this  seems  to  have  no 
definite  effect  if  a  sufficient  increase  in  dissolved  oxygen  can 
be  obtained.    Of  course,  additional  aeration  to  increase  the 
dissolved  oxygen  will  at  the  same  time  decrease  the  free  carbonic 
acid. 

Sedimentation  seemed  to  have  very  little  effect,  the 
effluent  from  the  settling  tank  as  a  rule  had  as  high  iron  content 
as  the  water  entering  the  tank,  or  at  best  only  0,1  or  0.2  parts 
per  million  were  removed.    In  two  or  three  cases  a  greater  removal 
than  this  was  observed,  but  it  was  rather  exceptional.    The  test 
made  when  the  water  was  held  in  the  tank  for  some  time  showed  that 
only  after  36  hours  was  any  appreciable  effect  noticed,  and  then 
only  about  50$  was  removed. 

The  rate  of  loss  of  head  in  the  mechanical  filter  was 
very  irregular  and  no  conclusions  can  be  made  from  the  observations 
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of  this  feature  of  the  operation.    But  in  the  case  of  tests  Ho.  2 
and  5  where  the  loss  of  head  was  small  after  a  long  period  of  opera- 
tion, the  filter  had  probably  "broken",  as  analysis  showed  that  the 
effluent  contained  more  iron  than  it  had  previously  contained.  In 
Ho.  5  especially,  would  this  seem  true,  for  the  water  was  only  a 
few  inches  deep  on  the  sand,  whereas,  ordinarily  it  would  be  between 
three  and  four  feet  deep,  and  the  filter  effluent  contained  more 
iron  than  the  water  direct  from  the  well. 

The  time  between  cleanings  is  also  an  indefinite  quantity. 
Sometimes,  when  visiting  the  filter  it  would  be  noticed  that  the 
water  would  be  low  in  the  tube  attached  to  the  effluent  pipe,  and 
the  filter  would  be  washed.    At  other  times  the  filter  would  be 
operating  well,  but  on  returning  a  few  hours  later,  it  would  be 
clogged  and  there  would  be  no  means  of  telling  for  how  long  it  had 
been  such.    This  occurred  several  times  when  the  filter  was  started 
in  the  evening  and  then  examined  the  next  morning.     It  has  been 
noted  in  the  tables  when  such  was  the  case,  and  the  time  of  the  run 
given  in  such  instances  is  greater  than  it  actually  was.    When  the 
filter  began  to  get  clogged  the  rate  of  filtration  would  decrease, 
which  would  be  shown  by  the  fact  that  the  v/ater  level  in  the 
controller  tank  would  be  lowered. 

The  rate  of  filtration  seemed  to  have  no  effect  as 
practically  the  same  results  were  obtained  when  filtering  at  the 
rate  of  124,000,000  as  at  50,000,000  gallons  per  acre  per  day. 
The  best  results  seemed  to  be  obtained  when  the  dissolved  oxygen 
was  increased  the  most  in  the  passing  of  the  water  through  the 
aerator,  and  when  the  filter  effluent  contained  about  the  same 
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amount  of  dissolved  oxygen  as  the  raw  water.    This  would  indicate 
that  with  a  greater  degree  of  aeration  "better  results  might  have 
"been  obtained.    This  statement  is  supported  by  the  results  of  the 
later  tests  where  preliminary  filtration  through  gravel  was  used. 
The  iron  was  entirely  removed  by  the  final  filtration  through  sand 
and  the  filtered  water  contained  from  4.5  to  6.1  parts  per  million 
of  dissolved  oxygen.    This  was  probably  due  to  the  repeated  aera- 
tion as  the  water  passed  from  one  bottle  to  the  other. 

Ho  determination  was  made  of  the  per  cent  of  filtered 
water  required  for  wash  water.    The  wash  water  filling  the  filter 
carried  a  large  amount  of  flocculent  precipitate.    As  the  filter 
was  drained  through  a  one-inch  pipe  the  wash  water  was  not  carried 
awar  rapidly  enough  to  remove  this  sediment  as  effectively  as  it 
might  be  done • 

The  effect  of  preliminary  filtration  through  gravel 
varied,  from  20  to  50$  of  the  iron  being  removed.    The  results  do 
not  show  which  size  of  gravel  is  the  most  efficient,  or  whether 
upward  or  downward  filtration  is  the  better.    It  appears  that  a 
rate  of  filtration  of  120,000,000  gallons  per  acre  per  day  is  as 
effective  as  a  slower  rate.     In  one  case  the  pipe  was  clogged  and 
the  rate  cut  down  but  the  results  were  no  better  than  those  obtained 
after  the  pipe  had  been  flushed  giving  a  faster  rate.    A  test  made 
for  that  purpose  showed  that  some  removal  is  obtained  immediately 
on  starting  after  the  gravel  had  been  washed.    With  the  sand  filter 
following  the  gravel  an  effluent  was  obtained  in  two  hours  with 
only  0.3  parts  per  million  of  iron,  and  in  an  other  case,  0.1 
parts  per  million  in  l/2  hour  after  starting  the  filter.    The  last 
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case  mentioned  was  after  the  sand  had  been  washed  the  first  time 
and  only  about  the  upper  half  of  it  had  "been  removed  and  washed. 
It  is  probable  the  sediment  on  the  remainder  of  the  sand  aided  in 
retaining  the  iron  in  the  water  first  passed  through  after  the 
cleaning  of  the  filter. 
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COIOLUSIOHS, 

From  results  obtained  in  the  experiments  made  the  follow- 
ing conclusions  can  be  drawn: 

That  aeration  and  filtration  can  remove  the  iron  from 
this  water. 

That  the  more  thorough  the  aeration,  the  better  are  the 
results  obtained. 

That  sedimentation  is  of  no  advantage.    The  time  required 
for  sedimentation  to  be  effective  is  so  great  that  it  would  not  be 
practicable  to  build  reservoirs  large  enough  to  do  any  good.  In 
the  test  with  gravel  filters  and  small  sand  filters  the  water  passed 
in  a  short  time  to  the  filters  after  the  preliminary  aeration. 

That  a  rate  of  filtration  of  at  least  125,000,000  gallons 
per  acre  per  day  can  be  used  as  effectively  as  a  slower  rate  both 
for  sand  and  gravel  filters. 

That  some  preliminary  treatment  should  be  employed  to 
relieve  the  final  sand  filter  and  reduce  the  frequency  of  washing 
the  filter. 

The  following  questions  should  be  investigated: 

How  long  a  time  is  required  after  aeration  for  the  re- 
action to  take  place  so  that  filtration  will  remove  the  iron. 

The  best  size  of  gravel  to  be  used  for  roughing  filters 
and  the  depth  of  filtering  material  to  be  used. 

Whether  the  growth  of  crenothrix  on  the  roughing  filter 
is  advantageous  or  not. 

The  best  method  of  washing  the  filters,  and  whether  or 
not  it  would  be  necessary  to  use  compressed  air  for  this  purpose. 
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What  loss  of  head,  through  the  filters  should  be 
provided  for. 
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View  of  Bottles  Arranged  for  Upward  Filtration 
Through  Gravel  followed  by  Sand 
Filtration 


View  of  Mechanical  Filter 
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